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Information Entropy, Biotechnology
0
1
2
3
4
5
6
1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
Hwit Hbtw Htot
ÇqR9gA.^`A&E)J/G2l$A=RONO=A,k9GtR`FE)AZ;.GAv^@;&E)?A.G2fÃ;QP_P2T6iAQP3G2l$;.Gt=Z[;QP_P	AQP0¨WROEnP	A=.G2ROEﬂP´-@AZ[RON9@?[NO¢GR
G2l$AnP);iAnPT@6PIA.GY;&E	ADgR`E	AnP)?i?BZ;&EµG2l$;N0G2lOR6P)A-clO?B=lj@AZ[R@N9jGRv9?[F2FWA&E	ANKGP)A.G)P<¡K|*lO?VPi;fiN$RQG
`AxG2lOA]=;QPIA;ZBZG2lOAxG?[iAQP_¡µmjPc;NÃA&Á@;gk@ZBA=R`N6P)?vOAE3{XYoDP3m3® .ª ;NOvÃm µ .Ci¡/¹ºlO?BZAxG2lOA&f
`AZ[R1N9GRG2lOAgP);iAP2T1UP)A.G"*m+,KJ1G2l$Af¤=K;Nl$;&E)vOZfUAxP	;?BvxGR@A3GA=&lONOR@Z[R`@?[=K;Z[ZfEIAZ;.GAv6¡O{VG
i;&f?[N@v@AAvx`A}G2lOAj=;QPIAG2l$;.G;Ni?N@=,E)A;9P)An?[NgGWl$A}^@;&E)?aA.GVfR`FR96P	A&EW^@AvxGA=,lONOR1Z[RO@?[=;Zy=Z;QP_P	AQP
=;.TMP)AQP;Ng?[N@=&E)AK;QP)A0?NjG2l$ADkOE)R$`;&@?BZB?ÆGfiF2ROE;-GA=lONOROZ[R`Of0GR=R  2R1==.T@Eµg?eG2lg;NjTUN9E)AZ;.GAvgRONOA9¡
®O®
|lO?VPgi;f¶`A¤G2lOAÃ=;KP)AÃ;Z«P	R+?[F}q?eGWlO?[N  OE)R9T@k½A&NQG2E)R9kOf¶l$;9PglO?@lOA,EgANQG2ER`k9fÃG2lO;NzUA.GVqAA&N  
OE	R$T@kU¡*mjPq;N½AÁ`;xk@ZAJ=RON1P)?v1A,Eg;N¶?N@=,E)A;QPIA¢?[NzG2lOAÃ=R  R@==.T@EE)A&NO=AQPgR1F3{2Xo m0¯µ .ª ;NOv
oj _®9X¡O{«GcR9T@Z[v?Bgk@Zf];N?[N@=&E)A;$P	Aj?N@A_GVgAA,N  OE)R9T@k]A&NKG2E)R`k9fU¡9ÇqR$qA.^@A,ER`N;&^@A&E);,@A}G2lOA?[E
GA=&l9N$R1Z[RO1?[=;ZME)AZ;.GAv9N@AKPﬂPt¨
τ
´?BP°6¡ OJ/;,NOvl$AN$=Aj;N]?N$=&E)A;9P	Aq?[NG2l$A?ED=R  2R1==.T@EWE)A&N$=AQPg?BZVZ
=;.TMP)A3;N?[N@=&E	A;QPIA3?Ni=ROlOA,E)ANO=KAJ@RQG2lOA&EµG2lO?[N9MP@A?[NOA¼QTU;ZV¡K{)F/qA}ZR1RO>i;.GMG2lOA3vOA&N$R1g?N@;_GW?[RON
ROF/G2l$A}{2XoDPqAnF?[N@vm0¯µ ﬂªc±9glO?BZA0oj _®9X8¡$|*lO?VP8i;&fqAZ[Z¸`AG2l$An=;$P	AnROF;3k@;.GA&NKGE)AZ[;_GAvqG«R
E	AQP)A;,E)=l¢RON¢=l$Ai?=;ZﬀFA&EG?[Z?[§ÀA&EﬂP<¡\@R1J/clO?[ZBAjG2lOAiv1AK=ROjk@R6P)?eGW?R`N¥R1FANQG2E	R`k9f¥lOAZ[k6P3@;?[N1?[NO
qR`E)A?[NOF2ROEi;.G2?R`N(R`NG2lOA+kOE)R@=AQPIP)AQP¥@R`?[NÀ'R`N$Jx?eG]N$AAv1PGRÅ@A =R`ck1ZAiANKGAvÄOfG2lOA
=R`l$A&E)A&N$=QA3?[NOvOA&Á@J9clO?B=lg;ZZ[R$iP GR ;QPIP)AQPIPµG2lOA-GA=,lONOROZ[R`@?=;Z6=Z[R6P)AN$A$PIPROFµ=Z;9PﬂP	A$P<¡
Ly?[9T@E)A #0E)A&k$R`EVG)PMG2lOA3vQfON@;g?=9PR`FM>@NOR9gZ[Av9@ADE	AZ;.GAv9NOA9PIPﬀF2ROE/G2l$A-@?[R9GA=&lONOR@Z[R`OfiP)A=.GROE_¡
¹ºA =Q;N vO?«P2GW?[NÀ9T6?VP)lÎg?eGlO?[N G2l$AÏR9^@A,E);ZBZ =lO;NO@AQP¾; k@R¸P)?ÆGW?d^@A OE)R93G2lÎG2E)A&NOv ;&NOv
P2T@k@A&E)?[xk@R6P)Av¢vOA&^@?B;_GW?[RON1P<¡6{WN]k@;&EG?[=.TUZB;,E)J/G2lOA&E	A;&E)AnGgR¢k@A&EW?R1v1PR`FF2;9PGEW?VP)A?[N>@NOR9gZAv9@A
E	AZ;.GAv9NOA9PIP)J*`A&1?[NON@?[NO¶?Nﬁ K®¶;&N$vz?[NÅ 1³¢E	AQPWk@AK=.G2?d^@AZ[fM¡|lOAF2?[EﬂPG}R`FG2lOAQP	AvOA&^@?;.G?[RON1P
FVE	R1G2l$AG2E	A&NOvP)AAPGRq@A0=Z[R6P)AZfiE)AZ[;.GAvqG2RjG2lOA3E);ﬂG2?[RROF/g?ÆGWlO?[N  2OE)R$T@kjG«Rx@A.GVqAA&N  OE)R9T@k
^`;&E)?A.GfU¡9¹l$ANg@A.GVqAA&N  OE)R9T@kx^`;&E)?BA_Gfi?VPOE)A;.GA&EG2lO;,NqG2l$A}g?eG2lO?[N  OE	R$T@kR`N$AJ1?[NjG2lOAnk@A&E)?[R@v
 M   , K®@J/G2lOA=R`l$A&E)A&N@=A?[N@vOA&Á©FW;Z[ZVP_¡M{G8G2l$A&NUA&@?[N6PDGR¢?N$=&E)A;9P	A?N À°¤ql@ANg?eGlO?[N  
OE	R$T@k^@;&E)?[A_Gf¥R9^@A&E2G;&>@AQP@A.GVqAA&N  OE)R9T@k^@;&E)?[A_GfU¡M|µlOAPT@MP)A¼QTUANKGEW?BPIA?[N½  ¢=;&NON$R$G8`A
A_ÁOk@ZB;?[N@Avg?NjG2l@AnP	;iADg;&fU¡QÇqR$qA.^`A&E)J1?eGY=;Nj@A3R96PIA,E^@AvnG2l$;.GMG2lOA-GVcRxE?«P	AQP?[Nx>@NOR9gZAv9@A
E	AZ;.GAv9NOA9PIP P	AQA GR =,RO?N$=?BvOA¦g?eGl G2l$AÉRON1P	A.GROF+G2l$AÉ;.MP	R`EWkKG2?[RON ROF+GVqR v9?[F2FWA,E)ANQG
@A,NOA&E);_GW?[RON1P R@F @?[R9GA=&lON$R1Z[RO`f$J¦@;9P)Av RON E)A=R9jU?N@;NKGuhxm ;&N$v RON @ANOR1g?=QP
E	AQPWk@A=_G2?^UAZ[fOJOfz?[N@=&TUqUANKG3F2?dE)¤Pc¨ﬂ\@;.^@?R$GVG2?[Jo;.G2lOAE)?[NOAJ®@¯O¯K´_¡y|ﬀ;,>1?[N9¢G2lO?VP0?[NQGRz;==R9T@NQG
qAg=;N?[NKGA&EWkOE)A.GG2l$AgR$^`A&E);&Z[Z¨VG2E)A&NOv9´E)?BP	Ax?[N>@NOR9gZ[AKv9@AjE)AZ[;.GAv9NOA9PﬂPt;9PtvQTUAnG2RG2lOAjE)AZ[;.G?d^@A
P)?[i?BZ;&E)?eG2fOJROEDZR$ =ROONO?eG?^`AvO?VPG;NO=AJR`FﬀG2l$ANOA. GVf$k@A$PROF8>1N$R$qZ[Av9@AqqlO?B=l¢?[N@=.TUjUANQG
F?dE)¤PN@AAvOAvnGRxZ[A;,EWN6¡À|*l@A3vOA&^@?;.G2?[RON6Pµg?ÆGWljE	AQPWk@A=_G/G«RnG2lOA-GVE	A&NOvg=R9T@Z[vq`A3A&ÁOk@ZB;?[N@AKvnOfjG2lOA
AgA,EW@ANO=A©R`FgNOA_Ê6AN$A&E);.G2?[RON6PiR1Fn@?R$GA=,lONOR1Z[ROOf ;N$vQË2ROEjOf¶G2lOA¢E);.G?[RROFj?[NQG2E);GR+?[NKGA&E
OE	R$T@k¢^@;,E?A.GfU¡µmjP};NOA. @AN@A&E);.G2?[RONÃR1F@?[R9GA=&lONOR@ZBRO9f¿AiA&E@A$PtG2lOAR9^UA&E);Z[Z*G2E)A,NOv­?VPcNOR9G
E	A.^@A&EIP)AvxÀTOGvOA.^@?;.G?[RON1P=K;NiR@==.T@EvQTUA-G2RjG2lOA3lOR9gA.^`A&E8Z[?Bi?eGAvi=R`ONO?ÆGW?d^UA0v`?VPG;N$=AG2l$;.GµG2l$A
N$A.¾@AN$A&E);.G?[RON¶?[NQG2E)R@vQTU=AQP<¡ﬀ|lO?BPgZ?N@A¥R`F0A&ÁOk@Z;NO;.G?R`N¶?BPgN$R$G?[N@=R`ck6;.G2?d@ZA¤g?ÆGWlÃG2lOA¢RONOA
`;9P)Av¢RONG2lOAxE	;.GW?R­ROFﬀg?ÆGWlO?[N  2OE)R$T@k]G2R@A.GVqAA&N  OE)R9T@k^@;,E?A.GfU¡6{)FﬀqA;QP_PTUiA=lO;NÀ@A$P?N
?[NKG2E);  OE)R9T@k^@;,E?A.GfiGR`An@ANOA&E	;ZZf]Z[R9qA&EﬀG2l@;NxG2l$R¸P	Aq?[N]?[NQGA&E 2OE)R$T@k^`;&E)?A.Gf$J1G2lOANggAg=;N
A_ÁOk@AK=.Gc=&l$;NÀ@AQPgR@F3@AN$A&E);.G?[RON­g?ÆGWlO?[N¶RON@A¤GA=,lONOR1ZRO9f¶¨A9¡ M¡Y@?R$GA=,lONOR1Z[ROOf9´0G2R¶E);&?BP	A¤G2lOA
E	;.G2?[R?[NQG2E);_ËV?[NQGA&EµclO?BZA-G2l$A3AiA&E@AN$=A3R1Fy;0=R`ck1ZA.GAZfiN$A.ÅGA=,lONOR1Z[ROOfi=;Nj@A3A&ÁOk@AK=.GAvnG«R
ZR$qA&EµG2lOAnP	;ADE	;.G2?[RM¡
®@°
(ﬁ= NZKMIH2^4=) ?&B95132  ND2 I<2H1U-D@F2  ?v2EsE .=3BD@F2JG &?&B13BN 2
Knowledge Relatdness, Biotechnology
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Cognitive Distance, Biotechnology
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Information Entropy, Telecommunications
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Knowledge Coehrence, Telecommunications
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Cognitive Distance, TLC
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Information Entropy, Electronics
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Knowledge Coherence, Electronics
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Cognitive distance, Electronics
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